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Abstract 
Purpose – Prostate cancer is the most common cancer diagnosed in men in 
the UK. Black men are in a higher prostate cancer risk group possibly due to 
inherent genetic factors. The purpose of this paper is to introduce PROstate 
Cancer Evaluation and Education (PROCEE), an innovative serious game 
aimed at providing prostate cancer information and risk evaluation to black 
African-Caribbean men. 
Design/methodology/approach – PROCEE has been carefully co-designed 
with prostate cancer experts, prostate cancer patients and members of the 
black African-Caribbean community in order to ensure that it meets the real 
needs and expectations of the target audience. 
Findings – During the co-design process, the users defined an easy to use 
and entertaining game which can effectively raise awareness, inform users 
about prostate cancer and their risk, and encourage symptomatic men to seek 
medical attention in a timely manner. 
Originality/value – During focus group evaluations, users embraced the 
game and emphasised that it can potentially have a positive impact on 
changing user behaviour among high risk men who are experiencing 
symptoms and who are reluctant to visit their doctor. 
 
1. Introduction 
Black men and men with a family history of prostate cancer are in the higher risk group (Burford 
et al., 2009; Ream et al., 2010), possibly due to inherent genetic factors (Bunker et al., 2002; 
Center et al., 2012; Glover et al., 1998; Siegel et al., 2011). Several barriers limit African-Caribbean 
men from seeking advice for prostate cancer. These barriers include unawareness of risk, 
symptoms and treatments for prostate cancer, trust/mistrust of healthcare services and fear of 
screening (Ream et al., 2010). When experiencing symptoms, these barriers may hinder prompt 
medical assessment, impairing the effectiveness of treatment, which in turn could affect morbidity 
and mortality (Heijnsdijk et al., 2012; Luján et al., 2012; Schröder et al., 2012). Early presentation 
can save lives, and for this reason targeted interventions that are able to effectively combat these 
barriers and encourage early screening in order to reduce the risk of mortality are required 
(Heijnsdijk et al., 2012; Luján et al., 2012; Ream et al., 2010; Schröder et al., 2012). 
Serious games are computer games which are developed for purposes other than just 
entertainment. Serious games which are designed for health purposes can be used to educate 
 
 
and train patients and healthcare professionals (Wattanasoontorn et al., 2013). Studies have shown 
that carefully designed games can have a positive impact on the health behaviour of young people 
and those with cancer, and that games can be used for effective disease management and 
disease-related knowledge (Davis et al., 2004; Kato et al., 2008; Reichlin et al., 2011b). Some 
serious games have been devised to improve the health of players and other games have been 
developed for helping users manage their disease (Thompson et al., 2008). For example, serious 
games have been designed for motor rehabilitation and treating patients with chronic lower back or 
neck pain (Schönauer et al., 2011), and to improve motor functions within stroke patients (Saposnik 
et al., 2010). Serious games have also been created to combat obesity using multiple approaches 
including physical exercise, self-control and monitoring, consuming health food and decreasing 
daily intake of food (Alamri et al., 2014). Serious games have been developed for promoting the 
prevention and awareness of type 2 diabetes and obesity (Thompson et al., 2008); for informing 
primary care physicians of how much insulin a patient with diabetes needs (Diehl et al., 2013); and 
for teaching teenagers self-management of diabetes mellitus type 1 (Fuchslocher et al., 2011). 
Other games have been developed to teach children about asthma and to help them manage it 
(Lieberman, 2001). With regards to prostate cancer, Time After Time is a serious game which has 
been specifically designed to aid men with localised prostate cancer to choose one of the 
potentially life-altering treatments. The game is evaluated by Reichlin et al. (2011a) who found that 
during studies on the game the majority of participants believed the game acted as a valuable step 
towards making a decision. It is also reported that improvements can still be made on the game to 
allow patients to match their expectations with their realistic goals. 
The development of culturally appropriate interventions which are capable of effectively 
enhancing knowledge and understanding of prostate cancer in African-Caribbean men requires 
the involvement of the community in the design and development process, and this is can be 
achieved by co-design. The PROstate Cancer Evaluation and Education (PROCEE) serious game 
which is discussed in this paper, provides users with prostate cancer information and evaluates 
their risk based on their profile. Each user receives personalised feedback based on their 
responses that are gathered while using the game. The integrated expert system layer within 
PROCEE enables the evaluation of each user’s risk of prostate cancer and adjusts the content in 
such a way that it persuades symptomatic men to seek medical advice. The content of the game 
has been co-designed with experts and the community in order to take into consideration the 
African-Caribbean men’s perceptions of prostate cancer, risk factors, medical tests and 
concerns, and to ensure that it is designed to purpose. 
This paper is structured as follows: Section 2 describes the co-design methodology used for the 
design of the PROCEE serious game; Section 3 discusses the framework of the PROCEE serious 
game; Section 4 discusses the software development methodology applied to design and 
develop the serious game; Section 5 discusses the feedback obtained from evaluations of the 
serious game; and Section 6 provides the conclusions and future work. 
 
2. The co-design methodology of the PROCEE serious game 
Co-design is the process of creating design interventions with representative participants of the target 
group. In typical entertainment orientated games, the player is usually only consulted when a playable 
version of the game has been developed, and is rarely contacted before that stage (Khaled, 2012). 
This can result in minimal player involvement during the conceptual stage (Winn, 2008). More recently, 
the design process for games is changing, with entertainment game designers investigating and 
testing techniques which involve a collaboration with the players during the design phase 
(Lange-Nielsen et al., 2012). This allows for the knowledge gap to be closed between the players and 
the game designers and, as a result, a rapidly growing number of serious game designers are 
exploring different ways to involve the player in design (Danielsson and Wiberg, 2006). For a number 
of reasons, co-design with end-users is becoming more valued by technology designers. It is argued 
that co-design increases public engagement with the research, whilst facilitating learning and change. 
Possibly the most important reason for using co-design when designing a game is to ensure that the 
technologies are aligned to what the game requires and people’s needs, along with removing 
designer subjectivity (Vines et al., 2013). When designing a serious game, many factors need to be 
taken into account in order to effectively employ the medium’s entertaining and engaging format. 
 
 
The design team should include entertainment (i.e. game artists, writers, designers and software 
programmers) and behaviour change (i.e. behavioural scientists and content specialists) experts in 
order to deploy media in their optimum format (Stokes, 2005; Thompson et al., 2008). When 
interacting with the game the player must abide by the rules of the game. These rules, along with the 
game model, present the player with possible pre-defined actions to take. Monitoring the player’s 
actions helps define the assessment rules, and a log of the actions can be utilised to assess the 
player’s activities and performance within the game (Al-Smadi et al., 2012). 
The co-design process of the PROCEE serious game, follows the Serious Game Design 
Assessment (SGDA) framework proposed by Mitgutsch and Alvarado (2012), as illustrated in 
Figure 1. The SGDA is a suitable framework, as it allows for the design elements to be configured 
“formally and conceptually in relation to the game’s aim and purpose”Mitgutsch and Alvarado 
(2012). Below, is a description of how the SGDA components have been utilised to co-design the 
PROCEE serious game: 
1. Purpose: the purpose of the PROCEE serious game is to raise awareness of prostate cancer 
among symptomatic and asymptomatic men; to inform men about prostate cancer risk 
factors and symptoms; to evaluate symptoms; and to encourage symptomatic men to 
consult their doctors. The game’s intention is to make people aware of prostate cancer risks 
and symptoms while they are having fun playing the game; to engage them in understanding 
the reasons for which they are in a high risk group; to increase their vigilance towards 
recognising the symptoms of prostate cancer; and to alleviate the concerns related to 
prostate cancer testing. Hence, for the game to be successful it must impact: 
■ on the behaviour of those men who experience symptoms and who are reluctant to see their 
doctor. Encourage symptomatic men to visit their family doctor/general practitioner; and 
■ educate men about prostate cancer risks and symptoms via concise information using 
the correct message framing and level of detail. 
 
 
 
 
 
 
Figure 1 Serious game design assessment framework 
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2. Setting aesthetics graphics/visualisation: a graphics designer produced the characters of the 
game. The graphics designer worked in close collaboration with the community members in 
order to produce appropriate characters for the game. The characters that were produced, 
are well known to the community and hence to the target population. Such a character, Patty 
Dumplin, is presented in Figure 2, and is well known and embraced by the African-Caribbean 
community. 
3. Fiction/narrative: ideas on the narrative were discussed with community members who 
proposed and considered several fictional scenarios. After much consideration they decided 
on the most preferred theme and fictional scenario, and also provided the setting and 
narrative of the serious game. The narrative was then given to a well-known actor/director of 
the black African-Caribbean community, who adjusted the content in order to emphasise 
messages and to add appropriate humour into the narrative. The actor/director also 
collaborated with the graphic designer to ensure a match between the images and the 
characters described in the narrative. 
4. Mechanic: the decision logic behind the serious game feedback was developed by a group 
of prostate cancer experts making this a rule-based system. Initially, user requirements were 
gathered and experts provided knowledge and facts which were used to create the rules for 
the logic behind the serious game (questions and possible answers). Expert rules were 
devised which were then used to generate paths and feedback provided to the user. 
5. Framing: in order for the game to enhance the user’s understanding of prostate cancer risks, 
and to encourage symptomatic users to visit seek medical help, the content of the game 
must be appropriately messaged. Appropriate message framing was applied within the 
game to highlight the advantages of visiting a doctor when they experience symptoms and 
the negative effects of ignoring symptoms. In order to ensure that messages were effectively 
constructed, a psychologist, prostate cancer experts, the actor/director and community 
members were involved in the task of appropriately framing the messages such that they 
have an impact on user behaviour. 
6. Content information: the content of the game was carefully developed by researchers and 
prostate cancer experts. The narrative was voice recorded by the actor/director in Jamaican 
Patois, also called Jamaican Creole by linguists. Jamaican patois is an English-based creole 
language with West African influences spoken primarily in Jamaica and the Jamaican 
diaspora. Subtitles were also added in standard British English for non-Jamaican players. 
 
 
 
 
 
 
 
 
Known African-Caribbean character: Patty Dumplin Figure 2 
3.   The PROCEE serious game framework 
The aim of the serious game is to raise awareness, evaluate the prostate cancer risk         
of users and provide personalised information to users. The overall architecture of the serious 
game is illustrated in Figure 3. The game’s levels resulted from co-designing the system 
using the Agile-SGDA methodology, as discussed in Section 2. The levels of the game are 
described below: 
1. Game introduction: upon starting the game for the first time, the user enters the introduction 
(barber saloon) level. Whilst playing the game, the user is introduced to the theme in a friendly 
and interactive way. Below are some basic facts about the game: 
■ game setting: at a barber salon; 
■ player character: client; 
■ non-player characters: barber, other characters visiting the barber shop; 
■ target audience: 25-70; 
■ number of levels: 8; and 
■ time needed to complete from start to finish: 10-15 minutes. 
2. Prostate cancer risks level: the user (i.e. customer at the barber shop) is in conversation with 
the “non-player characters” (i.e. mainly the barber) and is provided with information via 
friendly conversations. The flow of the conversation changes based on the user’s responses. 
The aim of this level is to inform users about prostate cancer and its risks. 
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PROCEE serious game framework Figure 3 
3. Are you worried? level: while playing this level, the user is asked whether s/he is worried 
about prostate cancer and these worries are discussed with non-player characters. The 
responses of the user are saved and influence the advice (feedback) given to the user. 
4. Family history level: in this level the user is asked questions related to his family history. 
The responses of the user are saved and influence the advice (feedback) given to the user. 
5. Prostate specific antigen (PSA) test level: in this level the user is informed about the 
PSA test and interacts with non-player characters to obtain answers to questions related to 
the PSA test. 
6. Digital rectal examination (DRE) level: in this level the user is informed about the DRE and 
interacts with non-player characters to obtain answers to DRE related questions. 
7. Urinary symptoms level: the urinary symptoms level asks the user a set of questions taken 
and adapted from the International Prostate Symptom Score (IPSS) questionnaire. The result 
of the IPSS test was used to personalise the advice provided to the user. The IPSS questions 
assess urinary problems indicative of an enlarged prostate, which could be related to 
prostate cancer. Each IPSS question allows the user to choose one out of six answers 
indicating increasing severity of the particular symptom. The answer to each question is 
assigned a score from 0 to 5. Only the first seven questions are scored and therefore the total 
score can range from 0 to 35 (asymptomatic to very symptomatic). Question 8 refers to the 
patient’s perceived quality of life and its score is not counted towards the overall IPSS score – 
the patient is advised to discuss the outcome of question 8 with their doctor. The first seven 
questions of the IPSS are similar to the questions appearing on the American Urological 
Association Symptom Index which currently categorises symptoms as mild, moderate or 
severe based on the user’s score. The questions found in the IPSS survey are shown in 
Table I. Let i be the question number and N is the total number of questions. Each question i 
can be assigned a score, such that scorei ∈ {0, …, 5}. The IPSS score of a user is computed 
via the summation of all his scores such that: 
 
 
 
8. Personalised advice: the feedback provided to the user is based on the set of rules provided 
by experts. Personalised advice is presented based on the results of the user’s responses 
which are stored in the following variables: 
■ PlayerAge: this variable records the player’s age. 
■ ProstateCancerChecked: this variable stores the user’s response to a question 
on whether he has had his prostate checked. Possible answers include, Yes and No. 
■ IsConcerned: this variable stores the user’s response on whether he is concerned 
about prostate cancer. Possible answers include, Yes and No. 
■ BCFamilyHistory: this variable stores the user’s response on family history of 
breast cancer. Possible answers include, Yes, No, and Don’t Know. 
■ PCFamilyHistory: this is family history of prostate cancer. Possible answers 
include, Yes, No and Don’t Know. 
■ RelativeAgeAtDiagnosis: this is the close relative’s age at prostate cancer 
diagnosis (if known). 
■ IPSSscore: this is the result of the IPSS questionnaire. 
■ WillGetChecked: this variable stores the user’s response as to whether he will 
get checked. Possible answers include, Yes and No. 
Experts provided knowledge and facts which were used to create the rules for the logic behind the 
serious game (questions and possible answers); making this a rule-based system. The expert rules 
were used to drive the game flow and generate the final feedback provided to the user. Each level is 
locked until the user completes all activities associated with that level (as illustrated in the state 
machine diagram in Figure 4). As the user completes each activity, the responses provided by the 
user are saved, and these responses are used to generate the final feedback provided to the user. 
Figure 5 illustrates the components of the expert system sitting beneath the serious game. 
The user requirements for designing the game were gathered using an Agile based co-design 
methodology, and these are discussed in Section 4. 
 
 
4. Agile-SGDA: a hybrid software development methodology 
Since the aim of the serious game was to impact on user behaviour, it was necessary to involve 
potential users, patients and experts during all the software development stages – from the 
requirements gathering to the design and development of the serious game. Although the Agile 
software development methodology was adopted, it was integrated with the SGDA co-design 
methodology in order to accommodate the co-design activities (Mitgutsch and Alvarado, 2012). 
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Figure 4 State machine diagram showing the transition between the states of a level 
 
 
 
 
The hybrid Agile-SGDA methodology provided an opportunity to efficiently manage the serious 
game design and development stages when users were largely involved in all stages. Importantly, 
the Agile methodology is adaptable to change, which made it suitable for the serious game project. 
When a product is being developed it is very likely that changes will occur based on new 
information, and thus the Agile methodology provides guidelines to help manage the changes and 
to keep a project under control. The Agile methodology (Beck et al., 2001) states that we value: 
■ individuals and interactions over processes and tools; 
■ working software over comprehensive documentation; 
■ customer collaboration over contract negotiation; and 
■ responding to change over following a plan. 
The stages of the Agile-SGDA methodology were applied to the design and development of the 
PROCEE serious game, as follows (Millard et al., 2009): 
1. Stakeholder analysis: the stakeholders of the system are: 
■ Primary stakeholders: these are the people who use the serious game directly. These are 
men who use the game to receive first-hand information, or partners/family/friends who 
wish to obtain information and pass it on to others. 
■ Secondary stakeholders: people who do not use the system directly, but receive output 
from it or provide input to it (indirect users). These are the prostate cancer experts, and 
psychologists, clinical commissioning group members, community leaders, and others 
with insight into prostate cancer. 
■ Tertiary stakeholders: people who do not interact with the system either directly or 
indirectly, but who are affected by its success (or failure). These are the General 
Practitioners, nurses, and NHS clinics who will be able to receive patients with prostate 
cancer symptoms and treat them earlier. 
■ Facilitating stakeholders: this category includes researchers, computer scientists 
(programmers and systems analysis), the project manager, the principal investigator of 
the project, graphic designers, actors/directors, and all other people who were involved 
with the design, development and maintenance of the system. 
2. Shared problem understanding: in order to gather the exact requirements and ensure that 
there was a common understanding among researchers and potential game users of the 
problem to be addressed, a set of interviews and focus groups were conducted. During 
interviews, the researchers and participants discussed as-is scenarios, and during focus 
groups, the technology show-and-tell approach was adopted where there was a discussion 
on how technology can be used to deliver software that meets their expectations. 
3. Design: during the design phase, a set of to-be scenarios and possible narratives were 
discussed with participants. Game versions were developed and shown to participants 
during focus groups and user feedback sessions. Each version was updated to include extra 
functionality based on user feedback and the documentation was maintained. Testing and 
user acceptance took place at the end of each iteration. 
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Figure 5 PROCEE’s expert system layer 
4. Development and feedback: after the last iteration, the serious game was thoroughly tested by 
the developers, and during testing sessions with participants. The think-aloud approach was 
adopted. For which each participant was asked to use the game and “think aloud” (i.e. speak 
his thoughts) about the game both in terms of functionality and usability. This feedback was 
used to make the final changes to the game, which were then approved before release. 
 
 
5.  PROCEE focus group evaluations 
Once the initial software prototype was developed, a workshop was organised specifically for the 
target audience to provide feedback about the prototype. African-Caribbean men were invited to 
participate at the workshop. The workshop included activities for participants to test and to 
provide feedback about the PROCEE serious game. The feedback was thereafter effectively 
utilised to improve the game. 
The workshop was attended by 29 participants, five organisers, members of the public, prostate 
cancer experts and researchers. The participants were found via African-Caribbean community 
group leaders and members, who were also active members of the project’s steering group 
committee. During the focus group evaluations, the serious game prototype was installed on 20 
tablets and each participant was given the opportunity to use the tablets to play the game from 
start to finish. Once all participants had used the game, they were placed into small focus groups, 
and were encouraged to provide feedback and suggestions for changes and additional 
functionality which could enhance the games quality and usability. One researcher was assigned 
to each focus group in order to lead the discussion and to record the participants’ experiences of 
using the game. Hence, during the workshop session, all participants were presented with a set 
of questions which were designed to encourage discussion among the participants and the 
researchers. The questions were concerned with design, usability, functionality (e.g. existing 
game functionality and desired game functionality) and impact on user behaviour. 
Participants were asked the following questions during the workshop session. These questions 
were purposely designed to be open-ended questions in order to encourage discussion among 
the participants and the researchers: 
1. Would you use the game? 
2. What changes would you make to the game? 
3. Would you add other game settings? What would these settings be? 
4. Would you add more characters? Are the voices ok, should the voices be louder or quieter? 
5. What would make the game easier to use? (how easy is it to use the buttons to control the 
game? is it easy to start?) 
6. What would you like to add to the serious game? 
7. Has the game raised your awareness of prostate cancer symptoms? 
8. Are you more likely to see a doctor if you experience prostate cancer symptoms? 
9. Can you think of a good name for the game? (there is a prize for the best suggestion!) 
All the feedback was then considered to create the final version of the PROCEE serious game. 
The feedback gathered from the workshop and the focus groups revealed common consensus 
that the PROCEE serious game is very useful in raising awareness of prostate cancer among 
the African-Caribbean community. The participants embraced the fact that the application was 
designed by the community for the community. They stated that the game is very likely to 
encourage symptomatic African-Caribbean men to seek medical attention in a timely manner. 
After using the application, participants acknowledged that they were more aware about 
prostate cancer symptoms and tests, they were more likely to recognise the symptoms; and 
would arrange to see their doctor if they experience symptoms in the future. Participants 
emphasised that the standardised “IPSS” questionnaire which was integrated into the 
application was very beneficial, given that the feedback provided from the test clearly 
determines whether a user should visit their doctor based on their symptoms. The participants 
 
 
also stated that the serious game is very effective in educating about the various tests (without 
information overload). Furthermore, there was common agreement amongst the participants 
that the serious game addresses the concerns of African-Caribbean men have about the DRE 
test, which is a barrier preventing men visiting their doctor. During the focus group evaluations, 
feedback was gathered about the serious game’s functionality; and changes that need to be 
made to the game in order to improve usability and effectiveness in terms of meeting its aim. 
Users requested some minor changes related to the appearance of the background settings 
and that more functionality was added with regards to changing the game’s settings. The users 
requested changes to be made to the appearance of certain characters of the game in order to 
better represent the target audience. In addition, users requested that English subtitles are 
added to the game to better appeal the younger population. All requests were minor and the 
game was edited to accommodate these minor changes. Participants requested a major 
addition to the functionality of the risk prediction layer. They requested that a numerical 
prediction of their risk is presented to the users. However, this request will take time to be 
implemented due to the fact that prediction models of such nature need to be appropriately 
validated with patients prior to being embedded within the serious game. However, to 
accommodate this requirement, a separate prostate cancer staging prediction tool was 
designed and implemented. The prediction tool takes as input various clinical test results and 
predicts the likelihood that the cancer has spread before treatment is given to the patient. Once 
the tool is clinically evaluated, it will be integrated into the PROCEE serious game. The users felt 
that their collaboration with the research team resulted in the design and production of a 
serious games that will benefit the hard to reach community of black African-Caribbean men, 
and to successfully inform them and their families about prostate cancer. 
 
6.   Discussion, conclusion and future work 
Prostate cancer is the most common cancer diagnosed in men in the UK. Black men and those 
with have a family history of prostate cancer are in a high risk group. In order to develop culturally 
sensitive interventions which can effectively enhance knowledge and understanding of prostate 
cancer in African-Caribbean men, it is important to adopt a co-design approach to software 
development. Users have participated in the co-design of the proposed PROCEE serious game – 
they defined their requirements and were involved from the design to the development stages. 
PROCEE is an innovative serious game on prostate cancer which aims to provide African-Caribbean 
men with information about the disease and also evaluates prostate cancer risk based on their 
profile and symptoms. The game is particularly useful to those users who are in a higher risk 
group due to their family history, age, ethnicity or symptoms – it is important to educate high risk 
men about prostate cancer symptoms so that they are able to recognise symptoms early and 
seek medical advice in a timely manner. Evaluations of PROCEE revealed that the users enjoyed 
playing the game, and the users emphasised that it is likely that the game will have great impact 
on changing the behaviour of symptomatic men by encouraging them to seek medical 
attention in a timely manner. The game is an effective intervention for raising awareness, among 
African-Caribbean men, of prostate cancer risks and symptoms. Current work involves 
developing state of the art risk prediction models for predicting prostate cancer. Future work 
includes enhancing the virtual environment background; adding more information about coping 
with prostate cancer; and also adding information about how to improve health habits which 
could impact on prostate cancer risk. The PROCEE serious game is freely available to everyone 
for download and use on their own devices. 
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